This paper proposes a mission for observation of the upper atmosphere using an artificial meteor released by a mass driver installed on a microsatellite. The mass driver releases the sample, which comprises definite materials and deorbits to become an artificial meteor, where its emission provides valuable information concerning the upper atmosphere that can be obtained through spectroscopic analysis. We discuss the present achievements in the research and development of the artificial-meteor sample. We conducted a variety of calculations of the flow-field simulation and spectroscopic estimation, the results of which agree closely with those in the case of practical meteors. Additionally, we performed an experiment on the artificial-meteor sample using an arc-heated wind tunnel at the Institute of Space and Astronautical Science of the Japan Aerospace Exploration Agency (ISAS/JAXA). We applied several kinds of materials as test samples and measured their emissions with a spectrometer; we also validated the results of the experiment and simulation. We confirmed that the emissions would be observed as a meteor with the naked eye from the ground.
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Introduction
The upper atmosphere has an altitude of 40-500 km and affects the global environment of the Earth. Therefore, its behavior should be understood to improve the precision of weather forecasts for aircraft operation, lifetime evaluations of satellites and space debris, etc. by not only numerical models but also practical observations. However, the observation of the upper atmosphere is difficult because balloons can observe only at an altitude less than 30 km, and satellites can observe above 300 km. Sounding rockets fly in the upper atmosphere, but the continuous monitoring of these is difficult because of their very short flight time and considerably low launch frequency. Thus, there are few observation data, and the upper atmosphere remains a very mysterious region raising many questions. Presently, the upper atmosphere is monitored from the ground by the observation of meteor emissions and trains using LIDAR (Light Detection and Ranging, or Laser Imaging Detection and Ranging), RADAR (Radio Detection and Ranging), and camera with spectrometer in the world. However, the appearance time and location as well as the precise composition of natural meteors cannot be predicted; thus, these meteors are not necessarily observed at the desired altitudes and locations. In addition, considerable assumptions are unavoidable in the analysis of the observation data. Furthermore, aurora observation is limited to only high-latitude regions. In fact, no method for observing the upper atmosphere accurately at any point and time currently exists.
However, we can expand our understanding of the upper atmosphere greatly if meteors comprising known materials appear with some frequency at a given location and time. Thus, we propose an observation mission for the upper atmosphere employing an artificial meteor released by a mass driver 1) installed on a microsatellite. In this study, we evaluate various candidates for the artificial-meteor source by using a simulator and an arc-heated wind tunnel in order to confirm the feasibility of this mission.
Artificial Meteor Mission
Advantages
The observation mission for the upper atmosphere using the artificial meteor contributes to our understanding not only of meteor phenomena but also of the conditions of the upper atmosphere, as we can observe the emission characteristics of the artificial meteor from the ground. If we realize an artificial meteor with a known composition, shape, density, and reentry speed and angle, we can perform carefully prepared and high-precision scientific observations with a prior notification of the appearance time and place of the artificial meteor. The artificial-meteor mission is one of the only methods-and the best one-for the successive observation of the upper atmosphere with a high accuracy at a given frequency, location, and time. Table 1 summarizes features of the methods for the observation of the upper atmosphere. In addition, the artificial meteor is useful as a reference for understanding natural meteors, whose various physical parameters are unclear. Therefore, the artificial-meteor mission contributes to clarifying the physical and chemical processes of meteor properties such as the detailed composition and meteor phenomena such as the excitation and de-excitation of atoms and molecules, along with ablation.
Outline of mission
An artificial-meteor sample, i.e., source, is released from the microsatellite toward the slowdown direction, as shown in Fig. 1 , to decrease its velocity for entry into an elliptical orbit with the apogee of the release point. When the release speed of the artificial meteor sample is sufficient, the sample's altitude of perigee becomes close to the Earth, and the sample enters the atmosphere with its velocity decreasing further owing to the atmospheric drag. The process that excites atoms, molecules, and electrons through high-temperature sublimation is called "ablation," and the plasma emission of an ablated artificial-meteor source entering the atmosphere is observed as a meteor phenomenon. The artificial-meteor mission involves the observation of the light emission by researchers, sky watchers, and perhaps people on the ground.
Estimation of light emission
There are two issues for the realization of the artificial-meteor mission: the first concerns the possibility and probability of the observation of the artificial meteor from the ground, and the second is to obtain proof of the low probability of a collision between the artificial-meteor source and orbital objects, including satellites and space debris. Regarding the second issue, we estimated the probability of the artificial-meteor source colliding with orbital objects and confirmed that it was quite small-on the order of 10 -5~1 0 -6 %.
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Regarding the first issue, we attempted to estimate the luminous intensity of the artificial-meteor sample by a calculation. First, we calculated the trajectory of the artificial-meteor sample released from the microsatellite. We set representative physical length scale as diameter of artificial-meteor sample, 10mm. For the calculation of the trajectory of the artificial-meteor sample, we adopted the parameters listed in Table 2 . The formulas used in the trajectory calculation are given below:
The calculated trajectory of the artificial-meteor sample released at an altitude of 400 km is shown in Fig. 2 , and its flight characteristics at an altitude of 60 km, where it emits light to become an artificial meteor, are presented in Table 3 . The blackbody radiation emitted from the surface of the artificial-meteor sample is estimated using Eq. (6), i.e., Planck's law:
where
We set 2700K as surface temperature. Once we obtain � �� , the luminous intensity of the artificial-meteor sample, �, is calculated using Eq. (7). Then, the visual magnitude is calculated using Eq. (8), i.e., Pogson's equation:
Because the luminous intensity of the sun with a visual magnitude of -26.73 is 2.9 × 10 27 cd, we substituted 2.9 × 10 27 cd and -26.73 for � � and �, respectively, and calculated the visual magnitude of the artificial-meteor sample as 2.46.
Experiment with Arc-Heated Wind Tunnel
To validate the aforementioned simulation results and confirm the feasibility of the artificial-meteor mission, we conducted an entry experiment with the arc-heated wind tunnel, wherein we set test artificial-meteor samples in a vacuum chamber and observed the emissions from the artificial meteor samples with almost the same heating rate as the simulation result.
Arc-heated wind tunnel and experiment system
An arc-heated wind tunnel is a re-entry flight environment simulation facility used for performing heat-resistance tests by jetting air with a high enthalpy heated with an arc discharge to a vacuum chamber. We tested the experimental installation shown in Fig. 3 at the Institute of Space and Astronautical Science in Japan Aerospace Exploration Agency (ISAS/JAXA). The operating conditions used for the arc heater are shown in Table 4 . Table 5 and Fig. 4 show our experimental apparatuses and setup. We observed the light emission of test sample from a lateral direction using a spectrometer, an illuminometer, and a video camera. The distance between test sample and spectrometer, and illuminometer are 0.878 m, and 1.01 m, respectively. 
Test samples
We prepared olivine and FeO as test samples to imitate natural meteor for the experiment, and observed emission from the samples of Olivine, SiC ball, and the real stony meteorite by spectrometer without absolute calibration and of FeO by spectrometer with absolute calibration. Table 6 shows main specification of the test samples. Figure 5 shows a test sample on its supporting part comprising tungsten and stainless-steel rods and an attachment holder made of copper. The sample is covered with Bakelite for thermal protection.
The heating rate of the test samples was measured using the slug-type calorimeter shown in Fig. 6 . The slug-type calorimeter measured the temperature change of the slug with thermocouples and determined the heating rate. Supposing that the temperature distribution of the slug insulated in heat is the same, the heating rate can be described as the function of time as shown in Eq. (9).
Then, the heating rate of the stagnation point is obtained using Eq. (10) by applying DeJarnette's method. Table 7 shows the rate of change of the temperature of the slug of calorimeter and the calculated heating rate. The average heating rate was 30 MW/m 2 . Figure 7 shows an example of the emitting test sample in the arc-heated wind tunnel, where the air flows from left-hand side with a high enthalpy. The intensity time history of the test samples was calculated using the observation data from the spectrometer, as shown in Fig. 8 . The SiC sample was tested for reference. Figure 9 shows the absolutely calibrated spectrum of the test sample. The estimated visual magnitude according to the spectrum was 3.25.
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Result and Consideration
6) The difference in the intensity between the test sample and the natural meteor occurred because the spectrum of the test sample included strong blackbody radiation. The maximum values of the illuminance of the test samples, which were measured using an illuminometer, are shown in Table 8 . Using the illuminometer data, we estimated the visual magnitude of the test samples. Here, the illuminance on the ground was calculated by Eq. (11).
As the illuminance of a star at the zenith with a visual magnitude of 0 is 2.5 × 10 -6 lx on the ground, using Pogson's equation shown in Eq. (8), we obtain the visual magnitude of the test samples on the ground, as indicated in Table 9 . As the temperature on surface of the test sample reached 2,700 K in this test, we confirmed that our simulation and its results agreed with the test results. 
Conclusion
We proposed an artificial-meteor mission employing a microsatellite to understand the upper atmosphere and meteor phenomena. We conducted an experiment using an arc-heated wind tunnel to evaluate test samples as an artificial-meteor source. Both the simulation and the experiment indicated the feasibility of an artificial meteor with a visual magnitude of ~2. In our future work, we will determine the suitable property of artificial-meteor source which emit long and strongly.
